Objective: To quantify the intake of grain and whole grain, and their food sources, as well as to investigate the age and time trends over the last decade in a sample of German children and adolescents. Methods: Dietary records from the Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) Study were used for conducting this work. A total of 5067 3-day weighed dietary records of 821 2-to 18-year-old children and adolescents collected between 1997 and 2008 were analysed using linear mixed-effect models, in which the means of the data and the covariance structure (children of the family, repeated measurements) were modelled. Results: Mean whole-grain intake was between 20 and 33 g/day in the sample and highest in 13-18 year olds. No whole grain intake was recorded in 19% of all dietary records. Total grain intake increased significantly with age (Po0.0001), even after adjustment for energy intake. Whole-grain intake (g/day) increased significantly with age in the unadjusted model (Po0.0001). This increase disappeared after adjustment for energy intake (P40.05) and became a negative trend after adjustment for grain intake (Po0.01). There were no significant time trends during the study period. Bread had the highest effect on grain intake in the total sample (50%), followed by rice/pasta (21%), cake (13%), grain (9%), RTECs (5%) and muesli (2%). Conclusions: The whole-grain intake in this sample of German children and adolescents was far below the FBDG. The decreasing percentage of whole grain per grain intake with age contradicts the common concept of stable dietary habits during childhood and adolescents.
Introduction
One aspect of dietary intake, which has been intensively studied, is the intake of whole grain in children as well as in adults. Compared with refined grain, whole grain contains more healthy/nutritionally valuable components, for example fiber, essential fatty acids, vitamins, minerals, lignans and phenolic compounds. The health effects of whole grains have been reported with respect to heart disease (Mellen et al., 2008) , cancer (Schatzkin et al., 2008) , gastrointestinal health (Marlett et al., 2002) , diabetes (Kaline et al., 2007) and weight management (Liu et al., 2003) . In addition, a positive correlation between whole-grain consumption and a better macronutrient pattern and intake of micronutrients has been shown (Cleveland et al., 2000) . Up to now, most of these health effects of whole grain have only been shown for adults. However, as dietary habits are formed during early childhood (Benton, 2004) and can track until adulthood (Lake et al., 2006) , a high whole-grain intake would be desirable already in early life.
With respect to the present and future health benefits of whole grain, several food based dietary guidelines (FBDG) accordingly include a high intake of grain products. The Dietary Guidelines for Americans recommend the consumption of at least half the recommended grain serving as whole grains from over two years of age at each calorie levels (U.S. Department of Health and Human Services, 2005) . The German FBDG for children and adolescents also recommend that half the amount of grains should be consumed as whole grain (Kersting et al., 2005) . In the British FBDG a high intake of starchy food and the predominant choice of whole grain varieties is recommended (British Nutrition Foundation (BNF), 2008) .
The results of most dietary surveys illustrate a too low intake of whole grain in adults (Cleveland et al., 2000; Thane et al., 2007) as well as in children and adolescents (Brady et al., 2000; Thane et al., 2005) . However, only a few surveys have provided detailed information on the food sources of whole grain or evaluated the time or age trends of intake. This would be of interest from a preventive point of view, in particular for children and adolescents, as these results could form a basis for tailored dietary recommendations and interventions. Therefore, the objective of this study was to quantify the intake of grain and whole grain, and their food sources, as well as to investigate the age and time trends over the last decade in a sample of healthy German children and adolescents from the Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) Study.
Methods

Study design
The DONALD Study is an ongoing, longitudinal (opencohort) study that began collecting detailed data on diet, growth, development and metabolism between infancy and adulthood in 1985. Details have been published elsewhere (Kroke et al., 2004) .
In short, the original study sample included infants, children and adolescents recruited from cross-sectional studies conducted in schools and kindergartens (nE470). Since 1989, about 40 infants have been annually recruited and followed up at least until the age of 18 years.
The regular DONALD assessments include records of dietary intake and behaviour, anthropometry, urine sampling (from age 3), interviews on lifestyle and health-related issues, and a medical examination, all performed once a year per study participant aged 2 years or older (Kroke et al., 2004) . For the present evaluation, we analysed the 3-day weighed dietary records of subjects aged 2-18 years collected during the recent study period of 1997-2008. A total of 5067 records from 821 subjects (413 boys, 408 girls) from 618 families were available (Table 1) . For each participant, between one (n ¼ 83; 10% of the total sample) and 12 (n ¼ 63, 8%) 3-day records were available (mean ¼ 6.2) and analysed, with no more than one record per year and per subject. Records were assigned to one of three age groups: 2-5 years (preschool children), 6-12 years (school children) and 13-18 years (adolescents).
The DONALD Study, which is exclusively observational and non-invasive, has been approved by the International Scientific Committee of the Research Institute of Child Nutrition and the Ethic Commission of the University of Bonn. All examinations and assessments are performed with parental, and, later, with the children's written consent.
Dietary survey
The parents of younger subjects and the older subjects themselves weighed and recorded all foods and beverages consumed using electronic food scales (±1 g) on three consecutive days. Semi-quantitative recording (for example, number of spoons, scoops) was allowed when weighing was not possible. Medicines and supplements taken on these days were recorded as well. The food collection details have been described elsewhere (Kersting et al., 1998) .
Energy and nutrient intakes were calculated using the in-house food composition database, LEBTAB, which is based on standard food composition tables; predominantly from Germany (48% of items) and the USA (18% of items) (Sichert-Hellert et al., 2007) .
The energy and nutrient content of all recorded composite foods, in particular of ready-to-eat products, were estimated by recipe simulation using labelled nutrient contents and ingredients. A dietician collected the food labels either while visiting the participants to collect their dietary records or copied the information directly from the products in a shop/ supermarket.
The ingredients and quantities of the simulated recipes are stored in LEBTAB. For longitudinal analyses in the DONALD Study, LEBTAB was continuously updated with new foods recorded by the participants. A new food or a commercial food product that already exists in the database but has undergone a change in composition (that is, new ingredients, change in grain components) generates a new entry (Sichert-Hellert et al., 2007) .
At present, LEBTAB contains about 6500 food items (15% staple foods, 77% composites and commercial products, including commercial infant food and 8% special preparations, for example, pharmaceuticals). For the present evaluation, dietary supplements and pharmaceuticals were excluded.
Definition of whole grain
The definition of whole grain followed the Whole Grain Label Statements of the US Food and Drug Administration (Food Labeling and Standards Staff, 2006) : 'Cereal grains that consist of the intact, ground, cracked or flaked caryopsis, whose principal anatomical components-the starchy endosperm, germ and bran-are represent in the same relative proportions as they exist in the intact caryopsis, should be considered a whole-grain food'. Here, the following cereals were considered: amaranth, barley, buckwheat, corn (including popcorn), sorghum, millet, teff, quinoa, rice, rye, oats, triticale, wheat and wild rice. The whole-grain content of commercial products (for example, bread, ready-to-eat cereals (RTECs)) was estimated using the simulated recipes in LEBTAB. The amounts of whole-grain ingredients in the product recipe were added and calculated for 100 g product.
RTECs, including commercial breakfast cereals based on high processed flakes (for example, cornflakes) Mueslis, including commercial mixtures of rolled flakes with other ingredients, for example dried fruits, nuts, seeds or sweeteners, for example, chocolate or honey Cake and confectionary, including biscuits, cookies, pastries and tortes Rice and pasta, including all sorts of rice and pasta, for example tortellini, spaetzle Bread, including all sorts of commercial and homemade bread
In case of commercial composite (ready-to-eat foods) the ingredients were assigned to the respective food groups. For trend analyses, the non-bread food groups (that is, all grain groups besides bread) were summarized.
Statistical analysis SAS procedures (Version 8.2; Statistical Analysis System, Cary, NC, USA) were used for data analysis. Food, energy and nutrient intakes were calculated as individual means of the three recorded days.
Grain and whole-grain intake was calculated as absolute intake (g/day). In addition, whole-grain intake was calculated as a percentage of total grain intake (%grain or wholegrain density).
For data analysis, linear mixed-effects models were used, including both fixed and random effects (PROC MIXED). The random component of these models and the lack of independence that exists between repeated observations on the same person accounts for the nested nature of our data (children within families). An exponential spatial structure of covariance was specified to consider the correlation of repeated measurements dependent on the absolute time interval of repeated measurements on the same subject. An advantage of the MIXED procedure is that it does not exclude children from the analysis if they are missing data for a particular time point, but analyses all of the data available on the assumption that any missing data are missing at random. In the basic models, age (years), time (years during the study period) and gender (boys versus girls) were used as independent variables. In a second step, this model was adjusted for total energy intake (MJ/day) (adjusted model). For analysis of whole-grain intake, the fully adjusted model was also adjusted for total grain intake (g/day).
To analyse the frequency of whole-grain consumers (at least one whole-grain product in the 3-day record: yes/ no), the %GLIMMIX macro was used to fit the general linear mixed model. In the model, age (in years), time (in years since study start) and gender were included as potential effects.
Results
Mean consumption of total grain ranged between 130 and 310 g/day (Table 1) ; approximately half of the total grain consumption was attributed to the bread group (68-145 g/day; data not shown). Mean whole-grain intake was between 20 and 33 g/day in the sample and highest in 13-18 year olds (Table 1) . Expressed as g/MJ, mean (s.d.) whole-grain intake was 4.2 (4.1) and 4.1 (4.3) in 2-to 5-year-old boys and girls, 3.8 (4.0) and 3.5 (3.8) in 6-to 12-year-old boys and girls, and 3.4 (4.3) and 3.3 (3.7) in 13-to 18-year-old boys and girls. Whole-grain density was highest in the youngest (415% in boys and 414% in girls) and lowest (410%) in the oldest age group (Table 1) .
Nineteen percent of all dietary records (n ¼ 946) did not contain any whole grain (o1 g/day); 16% in the 2-5 year olds, 17% in the 6-12 year olds and 24% in the 13-18 year olds. The percentage of whole-grain consumers was stable in the 2-5 year olds, but decreased with age in the 6-12 year olds (P ¼ 0.074) and 13-18 year olds (P ¼ 0.0265) (data not shown). Whole-grain intake in children U Alexy et al
Total grain intake increased significantly with age, even after adjustment for energy intake. During the 11-year study period, total grain intake increased slightly but significantly. In the basic model, boys had a higher intake than girls, but this difference was no longer significant in the adjusted model (Table 2) .
Whole-grain intake (g/day) increased significantly with age in the basic model. This increase disappeared after adjustment for energy intake (adjusted model) and became a negative trend after adjustment for grain intake (fully adjusted model). Expressed as %grain, whole-grain intake showed a significantly negative age trend in all three models. There were no significant time trends during the study period. Boys had a higher intake of whole grain than girls in both the basic and the adjusted models, which was independent of energy intake and grain intake.
Regarding the different subgroups of grain, bread had the highest effect on grain intake in the total sample (50%), followed by rice/pasta (21%), cake (13%), grain (9%), RTECs (5%) and muesli (2%) (data not shown).
Out of all the food groups, muesli had the highest wholegrain density (Table 3) followed by bread and grain. With the exception of muesli and bread, in at least half of the records in each age group, no whole-grain products were recorded in the respective food group. However, the inter-individual variation of grain product composition was high. For example, in each food group, with the exception of muesli at least 50% of the records did not have considerable amounts of whole grain.
Bread intake increased significantly with age and time, and was higher in boys than in girls in the basic and in the adjusted models. The %whole grain of bread decreased significantly with age in both the basic (À0.4% per year) and the adjusted models (À0.3% per year). Time trends and gender differences were not significant. Non-bread grain intake also increased significantly with age and time. Boys' intake was higher in the basic model but not in the energyadjusted model. The %whole grain of non-bread grain decreased significantly with age in all three models, but did not show any significant effects of the time during the study period, gender or energy intake (Table 4) .
Discussion
The three main findings of our evaluation were: (1) support for the overall low whole grain intake during childhood and adolescence reported by other studies; (2) a negative age trend of whole-grain intake and (3) an increasing effect of RTECs at the expense of bread on whole-grain intake.
In our study, little more than 4% of grain intake was constituted by whole-grain intake. Even if this percentage is a slight underestimate, as some non-grain ingredients were considered in the grain but not in the whole-grain group, the Food Guide Pyramid's aim of 50% grain intake as whole grain was by far not reached in our sample. No definite conclusion can be reached regarding how our results fit into the findings of other studies. Comparison with other surveys is hampered because different age groups and different food categories were used.
In 10-year-old US American boys and girls, whole grain made up only one-seventh of the total grain servings Whole-grain intake in children U Alexy et al (Brady et al., 2000) . In 4-to 18-year-old British children and adolescents, the median intake of whole grain was considerably lower (6-7 g/day) than in the corresponding adult sample, with breakfast cereals being the predominant contributor (56% of whole-grain intake) (Thane et al., 2005) . The median whole-grain consumption of British adults was 14-16 g/day (Thane et al., 2007) and in good agreement with the present results. As in the DONALD Study, there was a trend towards RTECs being the main contributor of whole grain at the expense of bread (Thane et al., 2007) . In US men and women older than 20 years, approximately one-third did not report a serving of whole grain during 2 days of recording (Cleveland et al., 2000) . In this survey, yeast breads and RTECs each provided almost a third of the whole-grain servings. Less than a tenth came from pasta, Whole-grain intake in children U Alexy et al rice, cakes, pies and miscellaneous grains. In our sample, the effect of bread on whole-grain intake was higher, probably due to culture-specific dietary habits, as in Germany the baking culture has a particularly significant role. The traditional German breakfast and dinner usually feature bread and butter, with various toppings. However, in a recent evaluation of the DONALD Study, we could show a trend towards RTEC breakfasts (Alexy et al., 2010 (under review) ), but with a low effect of RTECs and mueslis on whole grain intake, as shown by the present evaluation. Total grain intake corresponded well with the German FBDG for children and adolescents, especially in the younger age groups (Kersting et al., 2005) . The German FBDG recommend between 120 g grain per day for 2-3 year olds and 350 g for 15-to 18-year-old males. The increased intake of total grain over the study period, which was attributed to an increased intake of bread as well of non-bread products, was mainly responsible for the reported increasing carbohydrate intake (% energy intake) in the recent years (Alexy et al., 2002; Fletcher et al., 2004; Stahl et al., 2009) .
Although total grain intake increased, whole-grain intake (g/day) remained stable during the 10-year study period. This means a decrease in whole-grain density. Similarly, in Britain, a comparison between two surveys, 1986-1987 and 2000-2001 , showed a negative trend in whole-grain intake in adults (Thane et al., 2007) . To the best of our knowledge, other studies of time trends in whole-grain intakes are lacking.
Our basic model showed an increase in whole-grain intake with age. However, this increase was due to an increase in energy and food intake. In fact, %whole grain of grain intake decreased with age, which suggests an increasing preference for refined products.
In general, food acceptance depends to a substantial part on familiarization. Repeated exposure to initially disliked foods increases their acceptance, at least in younger children (Birch et al., 2007) . It is believed that dietary habits tend to track into adulthood from early childhood (Boulton et al., 1995; Nicklas et al., 1991) . Therefore, the establishment of healthy eating patterns at a young age should support better dietary habits during later childhood and adolescence (Kranz et al., 2004) . However, regarding whole grain, our results contradicted this common concept, as %whole grain decreased significantly with age. Three explanations are possible: first, parents focus less on a healthy diet and the availability of whole-grain foods in older children and adolescents. Second, attitudes towards healthy food change with age, in parallel with increasing autonomy. Third, the effect of food marketing increases. For example, in German TV, RTECs were the most frequently shown commercials for children (Pudel, 2000) , and the RTEC proportion increased in our study.
Some limitations, but also some strengths of this study warrant mentioning. First, our results are based on a small and selected study sample characterized by a higher socioeconomic status than the German population (Kroke et al., 2004) . Thus, they probably do not represent the extremes of dietary behaviour. However, several evaluations have shown no or only minor deviations between the dietary habits seen in the DONALD Study and those in the recent German nationwide surveys (Alexy et al., 2002) .
Second, although weighed dietary records are regarded as particularly reliable (Livingstone, 2000) , some scepticism about this dietary assessment tool remain.
A clear strength of our analyses is the longitudinal prospective design of the study, with carefully collected annual data on diet over a considerable study period using a constant methodology. As our food composition database, LEBTAB, is constantly updated with all newly recorded food items, it is predestined for trend analyses of dietary habits. The mixed linear models used here are suitable for the evaluation of the effects of age and time trends in dietary habits within the complex study design of the DONALD Study (for example, siblings, the individual time intervals between measurements).
In conclusion, the whole-grain intake in this sample of German children and adolescents was far below the FBDG and whole-grain density decreased with age. Several strategies are necessary to increase whole-grain intake, for example food marketing and pricing, and the use of wholegrain products in school lunches.
Consumers often have reservations about the taste and texture of whole grain in comparison with the refined products to which they are accustomed. The food industry is challenged to provide and advertise more acceptable wholegrain products. This especially applies to RTECs, due to their increasing popularity among children and adolescents. Food pricing could also have a stimulating effect, as at present, the whole-grain varieties of foods are often more expensive than the corresponding refined grain products, and some studies have shown a positive association between income and whole-grain consumption (Lang and Jebb, 2003) . As adult caregivers are not good role models due to their own low whole-grain intake (Thane et al., 2007) , the authors appeal to the caterers in schools and kindergartens to at least partially take over this task by offering whole-grain varieties at lunch.
